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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
The paper is devoted to the study of dynamic propagation of mode II cracks in porous brittle materials with nanoscale pore size. 
We compared static (shear strength) and dynamic parameters of crack growth in dry and fluid saturated nanoporous brittle 
materials at different degrees of confinement. We have shown that pore fluid in nanoporous brittle materials influences mainly 
the dynamics of crack propagation. This leads in particular to pronounced peculiarities of the dependence of the critical value of 
dimensionless geometrical parameter of the initial crack (it maj rizes the interval of the ratios of length to thickness for the 
cracks th t are capable to accele ate to intersonic velocity) on appli d crack normal stres . Th  results of th  study re relevant 
for understanding the conditions of supershear regime of p opagation of mode II cracks as well as for assessment of the ability of 
mode II cracks in brittle materi ls (including nanoporous fluid-saturated solids) to develop in supershea  regime. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of ECF21. 
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1. Introduction  
The conditions defining the regime and, in particular, the velocity of dynamic propagation of longitudinal shear 
(mode II) cracks in brittle materials are widely studied and analyzed over the past few decades. Considerable interest 
in this subject is concerned with its close connection with the problems of fracture of multiphase materials, the 
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dynamics of earthquakes and seismic radiation, as well as a common problem of initiation and possible regimes of 
dynamic slip of contact surfaces (Barras et al. (2014), Svetlizky et al. (2016)). An important feature of dynamic 
propagation of mode II cracks is shear stress concentration in the vicinity of the crack tip (Broberg (2006)). 
Beginning with the classical papers of works Burridge (1973) and Andrews (1976), we know that the initial stage 
of dynamic crack growth is accompanied by shear stress concentration in a compact area ahead of the crack tip (this 
is a so-called stress peak). In recent decades, the evolution of the stress peak became a subject of a number of 
studies, mainly due to the fact that it is supposed to be responsible for the formation of supershear (another name is 
intersonic) secondary cracks that are capable to propagate at velocities V above the shear elastic wave speed VS and 
below the P-wave speed VP. In particular, it has been shown in Shilko and Psakhie (2014) and Psakhie et al. (2015) 
that the physical mechanism for the formation of a compact area with high shear stresses ahead of the tip of 
dynamically growing mode II crack is the nucleation and development of the collective elastic vortex-like motion 
(hereinafter called the elastic vortex). These studies have shown that the elastic vortex is scale-invariant dynamic 
object, an important feature of which is the concentration of shear stress. The maximum attainable magnitude of the 
shear stress in the elastic vortex is the unequivocal function of the dimensionless geometrical parameter P of the 
initial crack. There is a critical value (Pcrit) of this parameter, such that if P<Pcrit, the initial interface crack is able to 
propagate at supershear velocity (V>VS). Otherwise, it is able to distribute only in conventional sub-Rayleigh regime 
(V<VR). Shilko et al. (2015) have shown that the specific value of Pcrit is determined by the material parameters. 
Note that stress concentration in elastic vortices is able to promote not only crack acceleration but inelastic 
deformation including dynamic migration of grain boundaries (Psakh'e and Zol'nikov (1997)). 
The results obtained in Shilko and Psakhie (2014), Psakhie et al. (2015) and Shilko et al. (2015) refer to the 
conditions of simple shearing of brittle materials including porous and fissured brittle materials of natural and 
artificial origins (ceramics, rocks). Pronounced features of the mechanical response of such materials are a 
significant influence of the value of normal load on shear strength (this feature is inherent to all brittle solids) as well 
as an important role of fluid pressure and redistribution in the pore space. Among porous materials a subclass of 
materials with nanoscale pore structure can be distinguished. An important feature of the nanoporous permeable 
materials is a determining role of adsorption effects, manifested, in particular, in the existence of a threshold 
(minimum) value of the pore pressure at which the liquid can filtrate in the pore space of the material. The estimates 
with use of the typical values of parameters for «sandstone-water» system with nanoscopic characteristic pore size 
in sandstone (<0.01 m) show that threshold pore pressure of fluid may reach several tens of megapascals, that in 
many cases comparable to the strength of porous materials themselves. Therefore, at relatively low mean stresses 
mechanical deformation of fluid saturated nanoporous materials is not accompanied by fluid redistribution in the 
pore space (or filtration power is negligibly slow). In this case the material with interconnected nanoscopic pores 
and channels behaves in much the same way as materials with isolated pores. 
Influence of pore fluid pressure on the mechanical properties and fracture of brittle porous materials is the subject 
of extensive theoretical and experimental studies carried out by various authors (Bidgoli and Jing (2014), Ougier-
Simonin and Zhu (2015)). Due to relatively low values of cohesion in brittle materials the special emphasize is laid 
on the study of the shear strength and dynamics of growth of longitudinal shear cracks as well as their relationship 
with the magnitude of the applied crack normal load and pore pressure (Radi and Loret (2007), Brantut and James 
(2011)). This problem was the subject of the present research as it applied to nanoporous materials. 
2. Problem statement 
The study was carried out on the basis of numerical modeling using hybrid cellular automata method. The 
formalism is this method couples mathematical formalisms of movable cellular automata method, which belongs to 
a group of discrete element methods, and finite difference method (Psakhie et al. (2016)). The study of the dynamic 
growth of mode II cracks was carried out in the framework of the macroscopic consideration of the material. The 
pore structure of materials and interstitial fluid (liquid) were implicitly taken into account through the parameters of 
the models of mechanical response of fluid saturated porous solid and interstitial fluid. The influence of pore fluid 
pressure on the stress state of the solid skeleton was described using Biot’s model of poroelasticity. We considered a 
model nanoporous macroscopically isotropic linear-elastic (brittle) material with porosity 10% and characteristic 
pore size dch < 0.01 m. Two-parametric criterion of Drucker and Prager was used as a fracture criterion. 
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Fig. 1. Schematic and the loading scheme of two-dimensional model slab made from nanoporous brittle material. The slab consists of two parts 
bonded by low-strength interface. Vertical dashed bold lines delineate the vertical faces to which periodic boundary conditions in the horizontal 
direction are applied. Preliminary stress state is defined by applying vertical (normal to the interface line) compressive stress n to the upper and 
lower boundaries of the slab and subsequent (after the establishment of stationary stress state) fixing their vertical positions. Longitudinal shear 
loading is modeled by horizontal displacement of the upper and lower external boundaries in opposite directions at small constant velocity Vload.  
Typical elastic and strength parameter of porous (~10%) sandstones were used as parameters of model material 
(note that material parameters of some porous ceramic materials are close to typical parameters of sandstones).  
We modelled two-dimensional model rectangular samples (long slabs), which consist of two bonded parts, in the 
plane-strain-state approximation (Fig. 1). Parts have the same properties and are isotropic, poroelastic and high-
strength. Ideal bonding between the parts was assumed (applied model is analogous to the model of infinitely thin 
cohesive zone). Interface strength was taken to be much smaller than the strength of material of the plates. An initial 
crack is introduced at the interface. Preliminary stress state of the samples was set by applying vertical compressive 
load to the upper and lower surfaces. Longitudinal shear was realized by displacing the upper and lower surfaces of 
the pre-stressed sample in the horizontal direction at low velocity (Fig. 1). Such loading conditions correspond to 
confined longitudinal shear. One of the main characteristics of confined shear is the value of pressure on the upper 
and lower surfaces of the sample, namely the crack (and interface) normal stress n.  
Under described loading conditions the initial interface crack begins to dynamically propagate along the interface 
line (straight line) when the applied shear stress reaches a threshold (a shear strength 0 of the system with the initial 
crack; 0 amounts some fraction of shear strength of intact interface at assigned value of normal load n). 
Hydrostatic compression of fluid saturated (in this study, water-saturated) material is accompanied by growth of 
pore pressure ppore, which has a significant impact on the stress state and strength of solid skeleton. In classical 
models of fluid-saturated porous materials this effect is taken into account through the formulation of Hooke's law 
and fracture criterion in terms of so-called effective stresses instead of "mechanical" stresses induced by applied 
load. In the framework of this approximation the presence of fluid in the pore space changes volumetric stresses in 
the skeleton. It is known that the stress state of the material in the vicinity of initial crack as well as ahead of the 
crack dynamically growing in sub-Rayleigh regime is complex and includes significant volumetric component even 
under the condition of applied simple shear deformation. Hence stress and strain distribution ahead of the mode II 
crack will be largely determined by pore pressure, which, in turn, is determined by the applied crack normal stress 
n. Therefore, in the present study we have done a comparative analysis of the characteristics of dynamic crack 
propagation in dry and fluid saturated nanoporous materials under at different values of applied crack normal stress. 
3. Simulation results and discussion 
3.1. “Dry” brittle porous material 
The results of the simulation showed common dynamics of unstable crack growth for different degrees of 
material confinement characterized by the magnitude of n. In the initial stage of crack growth a collective elastic 
vortex-like motion of material points in the region ahead of the crack tip (elastic vortex, Fig. 2,a-c) is nucleated and 
developed. A characteristic feature of the elastic vortex is concentration of shear stress (in other words, 
concentration of elastic shear strain energy density) in its frontal part. The source of the elastic strain energy in the 
elastic vortex is its inflow from the unloaded parts of the slab behind the crack tip. During the course of dynamic 
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propagation of a crack the elastic vortex increases in size, and the concentration of shear stresses in its frontal part 
gradually increases (Fig. 2,d-f). The velocity of steady motion of the elastic vortex is equal to shear wave speed in 
the material, while the crack develops at a velocity lower than Rayleigh wave speed and hence less than velocity of 
the vortex. Therefore during the course of propagation the elastic vortex gradually moves away from the tip and 
finally detaches from it. After detachment the elastic vortex becomes a self-dependent dynamically propagating 
object (Psakhie et al. (2015)). The widely studied phenomenon of acceleration of dynamically propagating crack 
towards the velocities comparable to the longitudinal wave speed VP in the material takes place, if magnitude of 
shear stresses in the vortex reaches the value of the shear strength of intact interface prior to detachment of the 
vortex from the crack tip. In this case the secondary rupture nucleates at the interface ahead of the crack tip (in the 
frontal part of the vortex). This secondary rupture propagates at a velocity higher than the shear wave speed (Fig. 3).  
 
 
Fig. 2. Snapshots of the velocity field (a-c) and the distribution of equivalent stress (d-f) near the tip of a growing longitudinal shear crack 1.5 s 
(a,d), 4.5 s (b,e) and 7.5 s (c,f) after the beginning of propagation. The horizontal arrows mark the position of the plane of the crack and of its 
right tip. The white lines in (d-f) depict particle velocities. 
 
 
Fig. 3. Snapshots of the distribution of equivalent stress near the tip of a propagating crack 0.2 s (a), 1.0 s (b) and 3.6 s (c) after the moment 
of nucleation of the secondary crack at a small distance ahead of the main crack.  
The results of theoretical and experimental researches carried out by various authors show that dynamic crack 
propagation in a steady state regime can be considered as a scale invariant process. Therefore, the conditions of the 
beginning of dynamic crack growth and crack propagation dynamics (including sub-Rayleigh-to-supershear 
transition) are determined by the intensive (specific) characteristics of the system. Results of previous study by the 
authors of this paper have shown that initial crack is potentially able to propagate in supershear regime under 
longitudinal shear loading if the shear strength 0 of the system with a crack exceeds certain critical value. Shear 
strength 0 of the slab with initial interface crack is determined, apart from material parameters, by geometrical 
characteristic of a crack. In view of the scale invariance of the crack propagation dynamics, this characteristic 
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should be dimensionless combinations of dimensional characteristics of a crack. Psakhie et al. (2015) proposed such 
a parameter for straight cracks. It is a ratio of initial crack length L to crack effective thickness D: P=L/D. Under the 
condition of simple shear loading the value of 0 is an unequivocal function of dimensionless parameter P. 
The results of the present study have shown that under the condition of confined shearing the value of shear 
strength 0 is an increasing function of crack normal stress n. On the basis of these results we have built a general 
functional form of the dependence of the shear strength 0 of brittle material with an initial crack on the 
dimensionless geometrical characteristics P of the crack for different values of crack normal stress n (Fig. 4,a): 
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where is is the shear strength of intact interface at the assigned value of n,  is the shear strength of the interface 
with semi-infinite crack, α is a dimensionless parameter, which depends on material properties as well as on the 
normal stress n. Special study have shown that  is an increasing function of n, while α decreases with n 
increase. The function  nis   for plain strain state is derived analytically on the basis of Hooke's law: 
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Here  15.1  tca  and  15.0  tcb  are parameters of applied fracture criterion of Drucker and Prager 
(c and t are uniaxial compression strength and tensile strength of dry material),  is a Poisson’s ratio. Under the 
condition of simple shear (n=0): 0.1is,    110 , 55.00   (Psakhie et al. (2015)). 
 
 
Fig. 4. (a) examples of the dependences of the shear strength 0 of dry and fluid saturated nanoporous samples with initial interface crack on the 
value of dimensionless geometrical crack parameter P at different values of applied crack normal stress n (each series of points at certain value 
of n is normalized to the value of shear strength of the intact interface is at n); (b) dependences of Pcrit on applied crack normal stress n (which 
is normalized to the value of shear strength of intact interface under the condition of simple shear) for dry and fluid saturated samples. 
Main differences between curves 0(P) at different values of n are connected with increasing the shear strength 
of the interface with semi-infinite crack as n increases. This can be explained by complex stress state of tip of the 
initial crack under the condition of longitudinal shear. This stress state includes crack normal tensile stress. 
Therefore shear deformation is accompanied by crack opening. Maximum crack opening displacement is in its 
central part. Contribution of tensile stresses (and hence the crack opening displacement) increases with increase in 
the value of dimensionless geometrical crack parameter P. This determines nonlinear decrease in shear strength 
(Fig. 4,a). Contribution of tensile stress to stress state in the vicinity of the crack tip decreases with increase in the 
normal stress n. Accordingly, crack opening displacement is reduced down to zero. At large values of n crack 
surfaces remain in a compressed state until the beginning of dynamic crack growth. The above explains increase in 
shear strength 0 with n at the same value of P. Therefore increase in n leads to gradual and nonlinear “flattening” 
of the dependence 0(P). Note that empirically derived expression (1) is a generalization of the conventional Griffith 
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expression as it is valid for different scale cracks being under the condition of confined longitudinal shear loading. 
Simulation results showed that the maximum shear stress in the elastic vortex (at the moment of vortex separation 
from dynamically growing crack) is a linear function of the shear strength of the system with the initial crack 0. In 
view of (1) such a relationship suggests the existence of a critical value of the parameter P=Pcrit. If the initial crack 
is characterized by the magnitude of the dimensionless parameter P<Pcrit, during the course of dynamic crack 
propagation the magnitude of shear stress in the elastic vortex reaches the shear strength of the interface before the 
moment of detachment. Such initial cracks can, in principle, overcome the Rayleigh wave velocity barrier. At the 
same time initial cracks characterized by parameters P>Pcrit, can only propagate at velocities below the Rayleigh 
wave speed. Since shear strength of brittle materials depend on mean stress, the value of Pcrit is a function not only 
of the material parameters (Shilko et al. (2015)), but also the value of n. Results of the study have shown that the 
dependence Pcrit(n) is a non-linear increasing function (Fig. 4,b), which tends to saturation ( limitcritP ) at the values of 
n close to the half the value of interface shear strength 0is  under the condition of simple shear (n=0). 
3.2. Fluid saturated brittle porous material 
Within the framework of the approximations of neglecting filtration processes in fluid-saturated nanoporous 
brittle materials a key determinant of mechanical properties of nanoporous materials and features of dynamic 
processes in them is the pore fluid pressure ppore. Results of the study have shown that under the condition of 
confined longitudinal shear the stress state of fluid saturated nanoporous material significantly differs from stress 
state of dry material. As an example, Fig. 5 shows mean stress distribution in dry and fluid saturated slabs near the 
right tip of the initial crack in the limiting state (to the moment of the beginning of dynamic crack growth). One can 
see that the presence of the fluid leads to a "long-range" compressive stress fields near the crack tip (the length of 
the blue area in Fig. 5,b is several times greater than the length of a similar area in Fig. 5,a). The dimensions of the 
"unloading" region near the crack tip, where mean stress values are small and may even be positive, are reduced as 
well. At the same time differences in the distribution of equivalent stress near the crack tip in the limiting state in 
dry and fluid saturated samples (at the same value of n) are insignificant. Thus, we can state that elastic strain 
energy density ahead of the crack tip in fluid saturated nanoporous solid is significantly higher, mainly due to 
increase in the contribution volume strain energy. Nevertheless, differences in stress states of the dry and fluid 
saturated nanoporous materials in the tip of the initial crack are much less significant. The consequence of this is 
that the main distinctions of fluid saturated nanoporous material with crack relate to the dynamics of crack growth, 
whereas the static properties (including shear strength) insignificantly differ from dry material. 
 
 
Fig. 5. Examples of means stress (a,b) and pore pressure (c) distribution in dry (a) and fluid saturated (b,c) samples of nanoporous material in the 
limiting state (at the moment of the beginning of propagation of the initial crack). In both examples n=0.15 0is .  
The simulation results showed indeed that dependences of shear strength 0 of fluid saturated samples with 
interface cracks on the dimensionless geometrical crack parameter P at various values of applied normal stress n 
are close to corresponding curves 0(P) for dry samples (Fig. 4,a). Similar to dry material, empirically determined 
dependences 0(P) for fluid saturated nanoporous material are approximated well by the empirical expression (1). At 
the same time, though dependences α(n) and (n) for dry and fluid saturated materials differ insignificantly (α 
decreases, while  increases with n), dependences is(n) have opposite trends. Shear strength of intact interface is 
in dry slab gradually linear increases with n, while gradually linear decreases in fluid saturated slab. The absolute 
values of slopes of these linear dependences are close to each other. Note that the absolute value of the slope of the 
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expression as it is valid for different scale cracks being under the condition of confined longitudinal shear loading. 
Simulation results showed that the maximum shear stress in the elastic vortex (at the moment of vortex separation 
from dynamically growing crack) is a linear function of the shear strength of the system with the initial crack 0. In 
view of (1) such a relationship suggests the existence of a critical value of the parameter P=Pcrit. If the initial crack 
is characterized by the magnitude of the dimensionless parameter P<Pcrit, during the course of dynamic crack 
propagation the magnitude of shear stress in the elastic vortex reaches the shear strength of the interface before the 
moment of detachment. Such initial cracks can, in principle, overcome the Rayleigh wave velocity barrier. At the 
same time initial cracks characterized by parameters P>Pcrit, can only propagate at velocities below the Rayleigh 
wave speed. Since shear strength of brittle materials depend on mean stress, the value of Pcrit is a function not only 
of the material parameters (Shilko et al. (2015)), but also the value of n. Results of the study have shown that the 
dependence Pcrit(n) is a non-linear increasing function (Fig. 4,b), which tends to saturation ( limitcritP ) at the values of 
n close to the half the value of interface shear strength 0is  under the condition of simple shear (n=0). 
3.2. Fluid saturated brittle porous material 
Within the framework of the approximations of neglecting filtration processes in fluid-saturated nanoporous 
brittle materials a key determinant of mechanical properties of nanoporous materials and features of dynamic 
processes in them is the pore fluid pressure ppore. Results of the study have shown that under the condition of 
confined longitudinal shear the stress state of fluid saturated nanoporous material significantly differs from stress 
state of dry material. As an example, Fig. 5 shows mean stress distribution in dry and fluid saturated slabs near the 
right tip of the initial crack in the limiting state (to the moment of the beginning of dynamic crack growth). One can 
see that the presence of the fluid leads to a "long-range" compressive stress fields near the crack tip (the length of 
the blue area in Fig. 5,b is several times greater than the length of a similar area in Fig. 5,a). The dimensions of the 
"unloading" region near the crack tip, where mean stress values are small and may even be positive, are reduced as 
well. At the same time differences in the distribution of equivalent stress near the crack tip in the limiting state in 
dry and fluid saturated samples (at the same value of n) are insignificant. Thus, we can state that elastic strain 
energy density ahead of the crack tip in fluid saturated nanoporous solid is significantly higher, mainly due to 
increase in the contribution volume strain energy. Nevertheless, differences in stress states of the dry and fluid 
saturated nanoporous materials in the tip of the initial crack are much less significant. The consequence of this is 
that the main distinctions of fluid saturated nanoporous material with crack relate to the dynamics of crack growth, 
whereas the static properties (including shear strength) insignificantly differ from dry material. 
 
 
Fig. 5. Examples of means stress (a,b) and pore pressure (c) distribution in dry (a) and fluid saturated (b,c) samples of nanoporous material in the 
limiting state (at the moment of the beginning of propagation of the initial crack). In both examples n=0.15 0is .  
The simulation results showed indeed that dependences of shear strength 0 of fluid saturated samples with 
interface cracks on the dimensionless geometrical crack parameter P at various values of applied normal stress n 
are close to corresponding curves 0(P) for dry samples (Fig. 4,a). Similar to dry material, empirically determined 
dependences 0(P) for fluid saturated nanoporous material are approximated well by the empirical expression (1). At 
the same time, though dependences α(n) and (n) for dry and fluid saturated materials differ insignificantly (α 
decreases, while  increases with n), dependences is(n) have opposite trends. Shear strength of intact interface is 
in dry slab gradually linear increases with n, while gradually linear decreases in fluid saturated slab. The absolute 
values of slopes of these linear dependences are close to each other. Note that the absolute value of the slope of the 
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dependence is(n) is insignificant. In the shown example increase in the value of n from 0 up to 0is  is 
accompanied by change in the magnitude of is within 25%. Specific values of parameters of the dependences α(n), 
(n) and is(n) are determined by material porosity as well as by the ratio of fluid bulk modulus to the bulk 
modulus of the material constituting solid skeleton. 
Described features of the stress state of fluid saturated porous materials (namely, the formation of an extensive 
area with high compressive stress) near the crack tip define peculiarities of dynamic crack growth under the 
conditions of confined longitudinal shear. Fig. 6 shows examples of the dynamics of mean stress evolution near the 
right tip of dynamically growing crack in dry and fluid saturated nanoporous material. One can see that the 
boundary of the area with high compressive stresses (blue area in Fig. 6,a,b) in dry slab is confined to the crack front 
and propagates at the same velocity as the crack tip. At the same time such boundary in fluid saturated material 
propagates at the longitudinal elastic wave speed, which is much faster than crack velocity (Fig. 6,c,d). Analysis of 
the simulation results shows that this is due to the dynamic changes in pore fluid pressure ahead of moving crack tip. 
Thus, the integral energy flux to the region ahead of the tip of dynamically growing crack in fluid saturated medium 
is larger due to larger contribution of volume strain energy flux. One consequence of this is slightly larger crack 
propagation velocity in sub-Rayleigh regime. Although this increase is small (a few percent), but it has a significant 
impact on the critical values of the energy and geometric parameters that determine the ability of a longitudinal 
shear crack to propagate in supershear regime. In particular, the critical density of elastic strain energy accumulated 
in the system to the moment of the beginning of the crack growth is reduced, and corresponding critical value of 
geometrical crack parameter Pcrit increases as compared with confined dry material. 
 
 
Fig. 6. Snapshots of the distribution of mean stress near the tip of a propagating sub-Rayleigh crack in dry (a,b) and fluid saturated (c,d) samples 
of nanoporous material (n=0.15 0is , P=5.8). Black inclined arrow in (c) shows the front of strong solitary P-wave (compression wave) initiated 
by pore pressure change ahead of the crack tip. 
Dependence of Pcrit on the magnitude of applied normal stress n is a nonmonotonic function, which quickly 
reaches a maximum and then (at the values of n approaching 0is ) decreases to a value 
limit
critP  (Fig. 4b). Thus, at 
“high” degrees of confinement ( 0isn  ) the critical value of dimensionless geometrical parameter of the initial 
crack is the same for dry and fluid saturated brittle materials. This is due to the fact that at high crack normal 
compression stresses distortion of stress field near the crack tip diminishes. As we noted above, these distortions are 
significantly different in dry and fluid saturated materials. In the latter case there is an extensive area with high 
compressive mean stresses ahead of the crack. Higher elastic strain energy density in this area provides a greater 
intensity of energy flow from the crack to the elastic vortex at the initial stage of dynamic crack propagation and, 
consequently, faster growth of stresses in the elastic vortex. Therefore, rate of increase of Pcrit at relatively low 
values of n in fluid saturated material is more than two time higher than in dry material (larger Pcrit means longer or 
thicker cracks, that are capable to propagate in supershear regime). Increase in the value of n is accompanied by 
decrease in the dimensions of the area with high compressive mean stresses ahead of the tip of initial crack. This 
leads, at first, to the saturation of Pcrit, and then to its small decrease to a value of limitcritP  (at high n stress states of 
dry and fluid saturated materials ahead of the initial crack are much closer to each other). 
The most pronounced peculiarity the dynamics of longitudinal shear crack propagation in fluid saturated 
nanoporous material is the value of crack propagation velocity in supershear regime. For the considered model 
saturated fluid material it is more than 30% higher than in dry material (although the differences between the values 
of crack propagation velocity in the sub-Rayleigh regime do not exceed a few percent). The absolute value of the 
difference between supershear crack propagation velocities in dry and fluid saturated brittle materials is determined 
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by the porosity and the ratio of fluid bulk modulus to bulk modulus of the material of solid skeleton. 
4. Conclusion 
The study showed that the pore fluid in nanoporous brittle materials influences mainly the dynamic properties of 
longitudinal shear cracks, while static properties (including shear strength) of the material with initial crack are 
much sensitive to the presence of pore fluid. The main peculiarity of the dynamic properties of the cracks in 
preliminary stressed fluid saturated nanoporous material is nonmonotonic dependence of critical value of 
dimensionless geometrical crack parameter (it characterizes limiting values of length and thickness of the cracks, 
that are capable to accelerate to intersonic velocity) on applied crack normal stress. This dependence has a 
maximum at relatively low values of crack normal stress and then decreases to limiting value, which coincide with 
limiting value for dry material.  
It should be noted that above described features are specific for nanoporous materials. Special study has shown 
that the revealed regularities of dynamic growth of shear cracks in the fluid saturated permeable materials with 
characteristic pore sizes amounting to a few tenths of a micrometer are close to the same for dry materials 
(excluding the velocity of supershear crack propagation). The results suggest a complex and non-linear influence of 
fluid phase, which cannot be imitated using external mechanical loading of dry brittle material. 
It is known that the character of the mechanical response of brittle solids gradually change from brittle to ductile 
at sufficiently large values of compressive mean stress, which are close to and higher than the magnitude of the 
unconfined shear strength of the material (Wong and Baud (2012)). Therefore, the present consideration was limited 
by the range of relatively small mean stresses that are not enough for ductile fracture of brittle materials. 
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